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(57) Abstract 

TTic invention relate to an antenna system (10) which is capable of multiband operation from a sinele antenna anerture Th^ *v.t.m 
provides a h.gh degree of design freedom for achieving desired antenna pattern sha£« (18. 20) for Llf 4levam^ r^^^^ 
system achieves this pattern shaping ability by utilizing a unique array configuration which is hiehlv adaniab^ T^^ V™ V^" 
include a center array element for each of the relevant freque'ncy bands. In L tm^^^^.X^ 
antenna ,s prov.ded which includes a stacked patch clement as the center element in a fim fiequen^to^^^ 

mounted on top of the stacked patch, as the center element in the second frequency band. ^ ' 
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KTn.TT-FREOtTEMPY ANTENNA 



FTFT.n OF THE TNVEWTTQN 

The invention relates in general to nultiband antenna 
5 systens and, more particularly, to antenna systems having 
multiple antenna arrays in a single apertiire, wherein each 
array is adapted for operation in a different frequency 
range • 

10 BACKGROUND OF THE TNVENTTON 

Satellite conununications systens are systems which 
utilize artificial satellites (i.e., communications 
satellites) to provide communications services on earth. 
These services may include, for example, providing a two- 

15 way communications link between two geographically 
separated locations on earth, such as in a telephone 
system, or providing an indication of current location, 
such as in a Global Positioning System (GPS) • 
Communications satellites normally include antenna systems 

20 and transmit/receive circuitry for communicating with 
similarly equipped entities on earth. ^ Because the 
communications are commonly two-way, multi-frequency 
communications schemes are normally used where the uplink 
frequency {i.e., the frequency of the signal being 

25 ■ transmitted from the ground station to the satellite) is 
different from the dovmlink frequency (i.e., the frequency 
of the signal being transmitted from the satellite to the 
ground station) . Therefore, communications satellites 
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generally require antenna systems which operate in multiple 

frequency bands. 

Because communications satellites generally have 
limited size, weight, and pay load space, antenna systems on 
5 these satellites must be as lightweight and compact as 
possible. For this reason, it is desirable that satellite 
antenna systems be capable of multiband operation from 
within a single aperture. A single-aperture multiband 
antenna saves space over a side-by-side antenna 
10 arrangement. In addition, a single-aperture antenna weighs 
less because a common support structure is used for the 
antennas at each of the frequencies. 

The ground coverage pattern (i.e., footprint) of a 
satellite antenna system defines the area on the earth's 
surface to which signals may be delivered and/or from which 
signals may be received using that antenna system. 
Different satellite communications applications, therefore, 
require different ground coverage patterns (i.e., each 
application has an optimal ground coverage pattern). In 
addition, the optimal ground coverage pattern for the 
transmit mode of a particular application may be different 
from the optimal pattern for the receive mode. For 
example, a telephone system utilizing a communications 
satellite may require a narrow ground coverage pattern, in 
both receive and transmit mode, for communication between 
the antenna system and a single ground station on earth. 
A television broadcast satellite, on the other hand, can 
require a narrow ground coverage pattern for receiving 
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television signals from earth and a broad ground coverage 
pattern for broadcasting these signals to all of the homes 
in a certain region. It is important that an antenna's 
actual ground coverage pattern be close to the optimal 
5 pattern for the application for which the antenna will be 
used. If the actual pattern is too broad, for example, a 
signal transmitted by the satellite may create unnecessary 
interference on earth. Also, an overly broad pattern 
wastes energy by illuminating areas on the earth's surface 
10 which are not meant to receive a signal. Conversely, a 
pattern which is too narrow can result in the 
unavailability of a signal in a region which is supposed to 
receive it. 

The actual ground coverage pattern that will be 
15 produced by a particular antenna is a function of, among 
other things, the antenna's radiation pattern (i.e., the 
shape of the transmit and/or receive beam of the antenna). 
Therefore, in order to create a desired ground coverage 
pattern, it is necessary to have a certain degree of 
20 control over the antenna's radiation pattern, Technicjues 
do exist for shaping the radiation pattern of an antenna 
operating at a single frequency. However, beam shaping is 
made more complicated when attempting to shape the beams 
for two independent antenna systems sharing a common 
25 aperture. 

Therefore, a need exists for a multiband/ single 
aperture antenna system which provides a high degree of 
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design freedom for achieving desired pattern shapes in all 
relevant frequency bands. 

c;ypM&PV OP THE TWVBWTION 

5 The present invention relates to a jnultiband antenna 

system which provides a high degree of design freedom for 
achieving desired antenna pattern shapes, in all relevant 
frequency bands, from a single antenna aperture. The 
system achieves this pattern shaping ability by utilizing 
10 a unique array configuration which is highly adaptable. 
The system may be produced as a lightweight, compact unit 
and, therefore, has broad application in satellite - 
communications systems. The system also has application in 
land based communications systems which utilize multiple 

15 frequency bands. 

In general, the antenna system of the present 
invention includes at least two separate arrays of antenna 
elements having a common or overlapping aperture. As used 
herein, the word "aperture" refers to a portion of a plane 

20 surface near an antenna through which a major part of the 
radiation would pass were the antenna being used in a 
transmit mode. Each of the separate arrays in the antenna 
system are adapted for operation in a separate frequency 
band and, as such, include radiating elements tuned for 

25 that frequency band. 

In a first aspect of the present invention, a 
Bultiband antenna system is provided. The antenna system 
includes a first array of antenna elements operative in a 
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first frequency range and a second array of antenna 
elements operative In a second frequency range. Both the 
first array and the second array include central elements 
which are substantially coaxially aligned with one another. 
5 The first array and the second array also include a first 
antenna aperture and a second antenna aperture, 
respectively, wherein the first antenna aperture and the 
second antenna aperture are at least partially overlapping. 
The first and second frequency bands are determined based 

10 on the particular application in which the antenna system 
is being implemented. Normally, one of the frequency bands 
will be associated with a satellite uplink or crosslink and 
the other with a satellite downlink or crosslink. For 
example, in a preferred embodiment, the first frequency 

15 band is UMF and is associated with a satellite crosslink 
and the second frequency band is L-band and is associated 
with a satellite downlink. 

The first and second arrays may each include any type 
of radiating element which is capable of operating in the 

20 respective frequency range. The radiating elements may be 
capable of transmitting/receiving linearly, circularly, or 
elliptically polarized waves. In addition, the first and 
second arrays may each include more than one type of 
radiating element. For example, in a preferred embodiment, 

25 the first array includes a stacked patch antenna element 
and a plurality of quadrafilar helical elements. The 
element types chosen for a particular array depend on the 
overall antenna pattern desired for the array. 
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The inclusion of a central antenna element in both the 
first and second array improves the system's ability to 
achieve desired antenna patterns in each of the frequency 
ranges. By having the central elements coaxially aligned, 
5 beans produced by the first and second array can be 
coaxially aligned and the overall space taken up by the 
antenna system can be minimized. 

one way of creating coaxially aligned central elements 
in accordance with the present invention is by mounting the 
10 central element of the second array upon the top of the 
central element of the first array. For example, the 
central element of the first array can include a stacked 
patch element having an upper conductive plate and a lower 
conductive plate. The central element of the second array 
15 can be mounted upon the top of the upper conductive plate 
of the stacked patch, using it as a ground plane. The 
central element of the second array may include, for 
example, a crossed dipole radiating element. 

in addition to the central elements, the first and 
20 second arrays may each include any number of separate ring 
arrays situated about their respective central element, the 
ring arrays each including a separate plurality of 
radiating elements. The ring arrays are preferably 
concentric with their respective central element for 
25 creating a substantially circularly symmetrical antenna 
beam. In addition, the ring arrays are preferably circular 
in shape, although other symmetrical shapes, such as 
ellipses, may be utilized. 
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The system may also include separate beamformlng 
networks feeding each of the arrays. Preferably, each 
beamformlng network is adapted to feed the elements of its 
respective array according to a predetermined excitation 
5 ratio. For example, a beamforming network associated with 
the first array can be configured to feed the first central 
element at a first power level and the elements of the 
first plurality of antenna elements (i.e., the first ring 
array) at a second power level. The particular power 

10 levels used are those determined to produce a desired 
antenna pattern. The beamforming network may operate 
similarly in a receive mode. The beamforming network for 
a particular array may also be capable of feeding the 
central element of the array at a different phase than the 

IS elements of an associated ring array. The phase difference 
used is also that determined to achieve a desired antenna 
pattern. 

In another aspect of the present invention, a 
multifrequency antenna is provided comprising a first array 

20 of antenna elements for operation in a first frequency 
range and a second array of antenna elements for operation 
in a second frequency range. The first array and the 
second array each have an associated antenna aperture and 
both of these antenna apertures are partially overlapping. 

25 The first array includes a first group of elements and a 
second group of elements, wherein antenna elements in the 
first group have a gain greater than those in- the second 
group. The types of elements which may be used in the 
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first and second arrays have been described above. The 
first and second frequency ranges preferably do not 
overlap. 

The multifrequency antenna is capable of achieving a 
5 desired antenna pattern from the first array of elements by 
properly choosing the gain values and locations of the 
elements in the first and second groups of the first array. 
The antenna nay also include multiple groups of antenna 
elements in the second array of antenna elements which 
10 provides similar pattern shaping capabilities for the 
second array. Both the first array of elements and the 
second array of elements may include a central element for 
providing even further pattern shaping capability, 
preferably, the center element in a particular array is 
15 part of the element group having the higher antenna gain. 

m another aspect of the present invention, a center 
unit for use in enhancing the beam shaping capabilities of 
a multifrequency antenna having both a first antenna array 
for use in a first frequency range and a second antenna 
20 array for use in a second frequency range is provided. 
More specifically, the center unit comprises: a stacked 
patch antenna element capable of operation in the first 
frequency range, the stacked patch antenna element 
including an upper conductive plate and a lower conductive 
25 plate; and a second antenna element capable of operation in 
the second frequency range, the second antenna element 
counted upon an upper surface of the upper conductive plat, 
and using the upper conductive plate as a ground plane. 
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The types of antenna elenents which nay be used in the 
first and second arrays have been described above. 

The second antenna element nay include a single 
element or a plurality of antenna elements arranged upon 
5 the upper conductive plate. If a plurality of elements is 
used, the plurality may include multiple types of elements. 
In a preferred embodiment, a plurality of crossed dipole 
antenna elements, implemented in microstrip transmission 
line are utilized as the plurality of antenna elements. 

10 The plurality of elements may include a first ring array 
disposed upon the upper conductive plate and substantially 
centered on said plate and/or a central element 
substantially centered on said plate. If the second 
antenna element includes only a single element, it is 

15 preferred that the single element be substantially 
coaxially aligned with the stacked patch antenna element. 

The second antenna element may include, for example a 
dipole antenna element. The dipole antenna element may be 
partially air loaded to reduce the weight of the antenna 

20 and may also be adapted for easy removal and replacement to 
aid in the testing of the antenna. The dipole antenna 
element may include a crossed dipole element. The crossed 
dipole antenna element may include a feed structure having 
a hybrid coupler and/or a balun for use in exciting said 

25 crossed dipole element. 

The upper conductive plate of the stacked patch is 
preferably mounted parallel to the lower conductive plate 
with a uniform spacing therebetween. The spacing is filled 
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with a dielectric material which, for weight purposes, is 
preferably air. The stacked patch may be directly fed at. 
either plate or at both plates. The stacked patch may also 
include more than two plates. The elements in the 
5 plurality of elements on top of the upper conductive plate 
may be fed from below through an opening in the plates of 
the stacked patch. This feed arrangement results in a more 
compact and lighter antenna. m addition. a 

divider/combiner means for use in feeding the elements in 
10 the plurality may be mounted upon the top of the upper 

conductive plate to provide an even more compact unit. 

This divider/combiner unit may be implemented in microstrip- 

transmission line and may use the upper conductive plate as 

a ground plane. 



15 



^^■f ff nF.qrPT P TTnrf "^"^ DRAWINGS 
Fig. 1 is a diagram illustrating a satellite 
communications system which may utilize the antenna system 
of the present invention; 
20 Fig. 2 is a top view of an antenna system in 

accordance with the present invention; 

Figs. 3A and 3B are a top and side view, respectively, 
of a center unit which may be used in the antenna system of 
the present invention; 

Figs. 4A and 4B are a top and side view, respectively, 
of a crossed dipole antenna element which may be used in 
the anr.enna system of the present invention; 



25 
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Fig. 5 is a side view of a center portion of the 
antenna system of Fig. 2; 

Figs. 6 A and 6B are a side and top view, respectively, 
of a quadrafilar helical antenna element which may be used 
5 in the antenna system of the present invention; 

Fig. 7 is a block diagram of an L-band beamforming 
network which may be used in the antenna system of the 
present invention; and 

Fig. 8 is a block diagram of a UHF beamforming network 
10 which may be used in the antenna system of the present 
invention. 

nPTATT.m DESrRTPTIQN 

The present invention relates to a multiband antenna 
15 system which provides a high degree of design freedom for 
achieving desired antenna pattern shapes, in all relevant 
frequency bands, from a common antenna aperture. The 
system achieves this pattern shaping ability by utilizing 
a unique array configuration which is highly adaptable. 
20 The system may be produced as a lightweight, compact unit 
and, therefore, has broad application in satellite 
communications systems. The system also has application in 
land based communications systems which utilize multiple 
frequency bands. 
25 Fig. 1 illustrates a satellite communications system 

10 which may utilize the antenna system of the present 
invention. The system 10 includes: a communications 
satellite 12 in orbit about the earth 14 and a ground 
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station 16 which communicates with the satellite 12 using 
electromagnetic radiation. The system 10 may be used in 
any one of a number of different coamunicationB 
applications. For example, the system 10 can be part of a 
5 telephone communications system, in which case the ground 
station 16 can include a telephone switching office 
attempting to connect to another remote office via the 
satellite. Alternatively, the system 10 can be part of a 
Global Positioning System (GPS) , in which case the ground 

10 station 16 can include a military vehicle trying to 
determine its current location on earth. 

For applications requiring two-way communication 
between the satellite 12 and the ground station 16, both 
the satellite 12 and the ground station 16 must include 

15 transmit/ receive (T/R) circuitry (not shown) and an antenna 
system (not shown). As discussed previously , two-way 
satellite communications normally uses different frecjuency 
bands for the uplink and the downlink. Using a multiband 
scheme allows transmission and reception in a satellite 

20 antenna to occur simultaneously without interference. As 
illustrated in Fig. 1, the antenna system of the satellite 
12 must be capable of producing a transmit beam 18 at the 
downlink frequency for delivering signals to the ground 
station 16 and a receive beam 20 at the uplink frequency 

25 for receiving signals from the ground station 16. The 
optimal shape of the two beams will depend upon the 
specific application which is being implemented. 
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Fig. 2 is a front view of an antenna system 22 in 
accordance with the present invention. The antenna system 
22 may be used, for example, in the Satellite 12 in System 
10 of Fig. 1. In the preferred embodiment, the system 22 
5 uses L-band as its downlink frequency band and UHF as its 
crosslink frequency band. The system 22 comprises: a 
support plate 24; a center unit 26 including a center UHF 
element 28, a center L-band element 30, and a plurality of 
L-band elements forming an inner L-band ring array 32 about 
10 center L-band element 30; a plurality of L-band elements 
forming an outer L-band ring array 34 about the center unit 
26; and a plurality of UHF elements forming a UHF ring 
array 36 about the center unit 26. All of the L-band 
elements in the system 22 operate collectively to create a 
15 single transmit beam for communication with a remote 
entity. Similarly, all of the UHF elements operate 
collectively to create a single receive beam for receiving 
signals from a remote entity. 

Figs. 3A and 3B are a top view and side view, 
20 respectively, of the center section 26 of the antenna 
system 22 of Fig. 2. As illustrated in Fig. 3B, the center 
UHF element 28 comprises a stacked patch radiating element 
having an upper conductive plate 40 and a lower conductive 
plate 42. The two plates 40, 42 are substantially parallel 
25 to one another and are separated by a spacing 44 of 
substantially uniform thickness. If the stacked patch is 
being used in a transmit mode, an electromagnetic signal is 
delivered to a first of the two plates (i.e., the driven 
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plate) and produces currents on this plate. The currents 
on the driven plate, in turn, create fields around the 
driven plate which induce currents on the second of the two 
plates (i.e., the parasitic plate). The fields created by 
> the currents on the two plates then combine in the far- 
field to create a relatively high-gain antenna transmit 
beam in a direction perpendicular to the plane of the upper 
plate 40. If the stacked patch is being used in a receive 
mode, as in the preferred embodiment of the present 
) invention, operation is substantially the reverse of the 
above. Either the upper plate 40 or the lower plate 42 can 
operate as the driven plate or, alternatively, both plates- 
can operate as both driven plates and parasitic plates 
concurrently- In addition, further plates may be added to 
5 the stacked patch structure to obtain additional control 
over the impedance and bandwidth as well as the far-field 
pattern of the structure. 

The center L-band element 30 and the inner L-band ring 
array 32 are situated on top of the upper conductive plate 
0 40 of the stacked patch radiating element and use the upper 
plate 40 as a ground plane. As illustrated in Fig. 3A, 
center L-band element 30 is substantially centered on an 
upper surface of upper plate 40. The elements of the inner 
L-band ring array 32 are equally spaced at a radius r^ from 
5 the center of the upper plate 40. In the preferred 
embodiment, the center L-band element 30 and each of the 
elements in the inner L-band ring array 32 comprise crossed 
dipple radiating elements implemented using microstrip 
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transaission line. Microstrip crossed dipole elements are 
desirable because they exhibit relatively low mutual 
coupling with adjacent elements. The microstrip crossed 
dipole elements of the preferred embodiment are elevated 
5 above the upper conductive plate 40 using a support tube 
46. 

Figs. 4A and 4B illustrate a top view and a side view, 
respectively, of one of the crossed dipole radiating 
elements. The elements each include four metallization 

10 regions 48A-48D disposed upon an upper surface of a 
substrate material 50. The metallization regions 48A-48D 
are fed by a balun structure 52 which extends through the 
support tube 46. To achieve circular polarization, 
quadrature hybrids (not shown) are used to create two 

15 balanced signals having a 90 degree phase difference 
therebetween. One of the balanced signals is delivered to 
first opposing regions 48A/48B and the other balanced 
signal is delivered to second opposing regions 48C/48D of 
the crossed dipole. The signals are fed to the respective 

20 metallization regions 48A-48D using feed pins 54 which 
extend through the substrate material 50. 

In one embodiment of the present invention, the 
crossed dipole radiating elements are modularized (i.e., 
adapted for easy removal and replacement from the center 

25 unit 26) . This modularization feature is useful during 
qualification testing of the antenna system 22 because it 
allows defective elements to be replaced right at the test 
site without having to detach the antenna system from the 
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test equipment. The modularization of an element nay make 
use of quick release feed connectors which provide both a 
signal flow path to/from the element and a means for 
holding the element to the upper conductive plate 40. 
5 Fig. 5 is a sectional side view illustrating the 

mechanical and electrical coupling between the center unit 
26 and the rest of the antenna system 22 in one embodiment 
of the present invention. Dielectric standoffs 56 are used 
between the upper conductive plate 40 and the lower 
XO conductive plate 42 and between the lower conductive plate 
42 and the support plate 24 to maintain substantially 
uniform spacings between these structures. The standoffs • 
56 are held in place, and the plates 40, 42, 24 are held 
together, by fastening means 58 (such as screws or bolts) 
15 placed through holes in the plates 40, 42, 24 and the 
standoffs 56 and second at a lower end by a nut 59 or other 
securing means. An electrical connector 60 is attached to 
the support plate 24 for providing a signal flow path to 
the center UHF element 28 (i.e., the stacked patch). The 
20 connector 60 is electrically connected to a OHF feed 
network 62 disposed upon an upper surface of the support 
plate 24 which receives signals from the stacked patch 
element through feed pins 64 connected to the lower 
conductive plate 42. Electrical connectors 66 are also 
25 used for providing a signal flow path to the L-band 
elements 30, 32 mounted on top of the upper conductive 
plate 40. The connectors 66 are coupled to transmission 
line sections which feed through a cylindrical channel 68 
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in the center of all three of the plate structures 24, 40, 
and 42. 

Referring back to Fig. 2, the elements of the outer L- 
band ring array 34 are mounted directly to the support 
5 plate 24. As illustrated, the elements are equally spaced 
at a radius r, from the center of the aperture. In one 
embodiment, the elements of the outer L-band ring array 34 
comprise crossed dipole elements substantially identical to 
the elements of the inner L-band ring array 32. In another 
10 embodiment, the elements comprise axial-mode helical 
antennas. The elements of the outer L-band ring array 34 
may also be modularized as discussed above. 

The elements of the UHP ring array 36 are also mounted 
directly to the support plate 24 and are equally spaced at 
15 a radius rj from the center of the aperture. in the 
preferred embodiment, the UHF ring array 36 comprises seven 
quadrafilar helical antenna elements, such as the one 
illustrated in Figs, 6A and 6B. As illustrated in the 
figures, the quadrafilar helical antenna element 70 
20 includes four conductive strips 72A-72D which are each 
wrapped around a cylindrical support structure 74 to form 
a helix. The strips 72A-72D are fed using a balun 76 
extending through the center of the support structure 74. 
Quadrature hybrids {not shown) are used to create (or 
25 combine) two balanced signals having a 90-degree phase 
difference therebetween for application to the two pairs of 
opposing strips 72A/72B and 72C/72D. The hybrids may also 
be used to combine quadrature signals upon reception by the 
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elcment 70. In this way, the antenna element 70 is capable 
of transmitting and/or receiving a circularly polarized 
electromagnetic wave. The cylindrical support structure 74 
may include an epoxy fiberglass outer housing having a 
5 number of laminated epoxy fiberglass/honeycomb disks 
located therein for support. A laminated reinforcing hoop 
may also be placed at the base of the housing for further 
support. Such a support structure is very light weight yet 
provides a large degree of structural integrity without 

10 degrading RF performance. 

Fig. 7 illustrates an L-band beamforming network 78 
which may be used in the antenna system 22 of Fig. 2. The' 
network 78 includes a plurality of signal dividing means 
for use in distributing a single L-band transmit signal St 

15 to all of the L-band antenna elements in the system 22. 
The beamforming network 78 includes: two 2-way unequal 
dividers 80, 82; one 2-way equal divider 84; and three 8- 
way corporate dividers 86, 88, 90. Eight-way corporate 
divider 90 is operative for receiving a signal at an input 

20 port and equally distributing that signal to the elements 
in the inner L-band ring array 32. Corporate divider 90 
may be mounted on top of upper conductive plate 40 to 
conserve both space and weight while reducing RF loss, 
weight is conserved because the eight transmission line 

25 sections leading from the divider to the elements are made 
as short as possible. Space is conserved because the 
divider can be designed to utilize real estate which 
otherwise would be vacant- Corporate dividers 90 can be 
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inplemented in microstrip transmission line using the upper 
conductive plate as a ground plane. Eight -way corporate 
dividers 86 and 88 are operative for receiving equal input 
signals at respective input ports and for equally 
5 distributing these signals to the 16 elements of the outer 
L-band ring array 34. These dividers 86, 88 are mounted on 
top of support plate 24. Two-way unequal divider 80 
receives transmit signal Sf at an input port and splits the 
signal into two unequal output signals, one of the output 

10 signals is delivered to 8-way divider 90 for delivery to 
the inner array 32 and the other is delivered to 2-way 
unequal divider 82. The signal delivered to divider 82 is 
split into two unequal output signals, one of which is 
delivered to the L-band center element 30 and one of which 

15 is delivered to the 2-way equal divider 84. The 2-way 
equal divider 84 is operative for dividing its input signal 
equally between the two 8-way dividers 86 and 88 associated 
with the outer L-band ring array 34. The split ratios of 
the 2 unequal dividers 80, 82 are chosen based on a 

20 predetermined optimal excitation ratio for achieving a 
desired antenna pattern. 

Fig. 8 illustrates a UHF beamforming network 92 which 
may be used in the antenna system 22 of Fig. 2. The 
network 92 includes 2-way unequal combiner 94 and 7-way 

25 corporate combiner 96. The 7-way corporate combiner 96 is 
operative for combining signals received from each of the 
elements in the UHF ring array 36. This signal is then 
combined with the signal received by the center UHF element 
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28 I in 2-way unequal combiner 94, to create receive signal 
Sr. The combination ratio of 2-way unequal combiner 94 is 
chosen based on a predetermined optimal ratio for achieving 
a desired receive pattern. Both the 2 -way unequal dividers 
80, 82 and the two-way unequal combiner 94 can include 
split/combination ratios which vary with frequency across 
the associated frequency band. 

As described above, the antenna system of the present 
invention provides a high degree of design freedom for 
achieving desired pattern shapes in each of its operational 
frequency bands. This is possible, in part, because the 
system may include a center element for each of the 
separate frequency bands. The use of a center element 
provides a symmetrical center beam which can be "molded" 
into a desired far-field pattern using the elements in the 
ring arrays- For each frequency band, design variables 
which affect the shaping of the far-field pattern include: 
element type(s) used in the ring arrays (must consider 
element pattern in array environment and mutual coupling 
0 between elements) , number of elements in each ring array, 
number of ring arrays, distance between ring arrays, 
distance between center element and each ring array, 
excitation ratio between center element and elements in 
each ring array (can be frequency dependent) , and phase 
iS relationship between center element and elements in each 
ring array. Using the above design variables, it is 
possible to independently adjust the patterns associated 
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with each of the frequency bands to achieve substantially 
optimal ground coverage patterns across each band. 

During the design phase on an antenna system in 
accordance with the present invention, it may be found that 
5 the phase difference between a center element and the 
elements of an associated ring array (or between the 
elements of a first ring array and the elements of a second 
ring array, etc.) has to vary in a predetermined manner 
across the band of interest to achieve the desired antenna 

10 pattern across the entire band. This could occur, for 
example, when the desired pattern reqfuires a dip in the 
gain of the antenna at broadside. A problem arises in that 
optimization of the phase characteristics of the 
beamforming network at a first frequency in the band of 

15 interest may produce a suboptimal phase relationship at 
other frequencies in the band, resulting in a suboptimal 
pattern at these other frequencies. The following method 
may be used to "tune" the phase characteristics of an 
antenna system to better match the optimal antenna pattern 

20 across the band of interest. The method is only useful, 
however, in antenna arrays which utilize circularly 
polarized antenna elements. 

The method recognizes that the phase relationships 
between the elements of an antenna system, such as the 

25 system described above, may be characterized as having both 
a frequency dependent component and a frequency independent 
component. In a system which comprises a first group of 
elements and a second group of elements, wherein the first 



Printed from Mimosa 01/27/2000 11:11:53 page -23- 



«.».,<A PGT/US97/04532 
WO 97/35360 

"22- 

group and the second group are concentrically arranged and 
all of the elements are circularly polarized, it is 
possible to achieve a constant phase difference between the 
elements of the first group and the elements of the second 
5 group by physically rotating each of the elements of one of 
the groups about an axis of that element. All of the 
elements in the group should be rotated an equal amount. 
The constant phase difference created by this procedure is 
frequency independent, i.e., it does not change across the 
10 frequency band. 

There will be a frequency dependent phase difference 
between the elements of the first group and the elements of - 
the second group whenever there is a difference in 
electrical path length between a common feed point and the 
15 elements of each respective group. By changing the 
magnitude of the difference in electrical path length 
(which can be done by adding a length of transmission 
line), the rate of the phase difference change with 
frequency (i.e., the phase slope) can be adjusted. 
20 Therefore, the method of tuning the phase characteristics 
of the antenna system comprises adjusting both the 
difference in path length and the physical orientation of 
the elements until the desired phase relationships exist 
between the elements of the first group and the elements of 

25 the second group. 

Practically speaking, it is very difficult, if not 
impossible, to achieve optimal phase relationships across 
the entire band. In this regard, the adjustments to the 
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antenna nay be carried out so that optimal phase 
relationships exist only at the most important frequencies 
in the band of interest, such as at the band edges. This 
can be done by first choosing the difference in path length 
5 to achieve a desired phase slope and then using the 
constant phase difference created by element orientation as 
an offset to achieve the desired phase differences at each 
of the frequencies. The above-described method may be used 
for each of the frequency bands in the antenna system. 

10 Although the present invention has been described in 

conjunction with its preferred embodiment, it is to be 
understood that modifications and variations may be 
resorted to without departing from the spirit and scope of 
the invention as those skilled in the art readily 

15 understand. For example, the antenna system of the present 
invention may be adapted for use in greater than two 
frequency bands. Also, each of the arrays in the antenna 
system may be used for both receiving and transmitting. 
Further adaptation of the system, such as by adding phase 

20 control means to the elements of the arrays, can result in 
steerable antenna patterns. Further, by providing separate 
beamforming means for various subarrays in one or more of 
the frequency bands, multiple steerable beams can be 
achieved in each band. Such modifications and variations 

25 are considered to be within the purview and scope of the 
invention and the appended claims. 
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ia claimed is; 

1. A multi-frequency antenna apparatus, comprising: 
a first array of antenna elements operative in a first 

frequency range, said first array of elements having a 
5 first central element and a first antenna aperture; and 

a second array of antenna elements operative in a 
second frequency range, said second array of elements 
having a second central element and a second antenna 
aperture; 

10 wherein said first central element is substantially 

coaxially aligned with said second central element and said 
first antenna aperture and said second antenna aperture are 
at least partially overlapping, 

2. The apparatus of Claim 1, wherein: 

15 said second central element is mounted on top of said 

first central element - 

3. The apparatus of Claim 2, wherein: 

said first central element comprises an upper 
conductive plate and a lower conductive plate; and 
20 said upper conductive plate of said first central 

element acts as a ground plane for said second central 
element. 

4. The apparatus of Claim 1, wherein: 

said first central element includes a stacked patch 

25 element. 

5. The apparatus of Claim 1, wherein: 

said second central element includes a dipole antenna 
element. 
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6. The apparatus of Claim l, wherein: 
said first array of antenna elements includes elements 
of a first type and elements of a second type, wherein said 
second type is different from said first type, 
5 ?• The apparatus of Claim 6, wherein: 

said second array of antenna elements includes 
elements of a third type and elements of a fourth type, 
wherein said fourth type is different from said third type. 

8. The apparatus of Claim 6, wherein: 

10 said first type of element has a first antenna gain 

and said second type of element has a second antenna gain, 
wherein said first antenna gain is greater than said second 
antenna gain. 

9. The apparatus of Claim 6, wherein: 

15 said first type of element comprises a stacked patch 

element . 

10. The apparatus of Claim 6, wherein: 

said second type of element comprises a helical 
antenna element. 
20 . 11. The apparatus of Claim 1, wherein: 

said third type of element comprises a dipole antenna 
element. 

12. The apparatus of Claim 7, wherein: 

said fourth type of element comprises a helical 
25 antenna element. 

13. The apparatus of Claim 10, wherein: 

said helical antenna element comprises a quadrafilar 
helix. 
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14. The apparatus of Claim 12, wherein: 

said helical antenna element comprises an axial mode 
helix. 

15. The apparatus of Claim 1, wherein: 

• 5 said first array further includes a first plurality of 

antenna elements arranged in a ring configuration 
positioned about said first central element. 

16. The apparatus of Claim 15, wherein: 

said first plurality of antenna elements includes one 
10 or more helical antenna elements. 

17. The apparatus of Claim 15, further comprising: 
beamforming means for feeding the elements of said - 

first array according to a predetermined excitation ratio. 

IB. The apparatus of Claim 17, wherein: 

said beamforming means includes means for combining 
signals from said first plurality of antenna elements and 
a signal from said first central element according to said 
predetermined excitation ratio. 

19. The apparatus of Claim 17, wherein: 
20 said beamforming means includes means for driving said 

first central element at a first power level and each of 
the elements of said first plurality of antenna elements at 
a second, different power level according to said 
predetermined excitation ratio. 
25 20. The apparatus of Claim 17, wherein: 

said beamforming means includes means for driving said 
second central element at a first excitation phase value 
and each of the elements of said second plurality of 
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antenna elements at a second, different excitation phase 
value. 

21. The apparatus of Claim 17, wherein: 

said predetermined excitation ratio is determined 
5 based on a desired antenna pattern for said second array. 

22. The apparatus of Claim 1, wherein: 

said second array further includes a second plurality 
of antenna elements arranged in a ring configuration about 
said second central element. 
10 23. The apparatus of Claim 22, wherein: 

said second plurality of antenna elements is disposed 
upon the top of said first central element. 

24. The apparatus of Claim 22, wherein: 

said second plurality of antenna elements includes one 
15 or more dipole antenna elements. 

25. The apparatus of Claim 24, wherein* 

said dipole antenna elements include crossed dipoles. 

26. The apparatus of Claim 22, wherein: 

said second array further includes a third plurality 
20 of antenna elements arranged in a ring configuration about 
said second central element. 

27. The apparatus of Claim 26, wherein: 

said third plurality of antenna elements includes one 
or more dipole antenna elements. 
25 28. The apparatus of Claim 26, wherein: 

said third plurality of antenna elements includes one 
or more helical antenna elements. 
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29, The apparatus of Claim 1^ wherein: 
each of said elements in said first array produces 
circularly polarized beam. 
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30. A nultlfrequency antenna, comprising: 

a first array of antenna elements for operation in a 
first frequency range and having a first antenna aperture, 
said first array of antenna elements including a first 
5 group of elements and a second group of elements, wherein 
antenna elements in said first group have a gain greater 
than those in said second group; and 

a second array of antenna elements for operation in a 
second frequency range and having a second antenna 
10 aperture, wherein said first antenna aperture and said 
second antenna aperture are partially overlapping. 

31. The antenna, as claimed in Claim 30, wherein: 
said second frequency range and said first frequency 

range do not overlap. 
15 32. The antenna, as claimed in Claim 30, wherein: 

said second array of antenna elements includes a third 

group of elements and a fourth group of elements, wherein 

antenna elements in said third group have a directivity 

greater than those in said fourth group. 
20 33. The antenna, as claimed in Claim 30, wherein: 

said first group of elements includes a single element 

located substantially in the center of said first antenna 

aperture. 

34. The antenna, as claimed in Claim 33, wherein: 
25 said single element includes a stacked patch. 

35. The antenna, as claimed in Claim 30, wherein: 
said second group of elements includes a helical 

antenna • 
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36. The antenna, as claimed in Claim 30, wherein: 
said second array of antenna elements includes a 

plurality of dipole antenna elements. 

37. The antenna, as claimed in Claim 36, wherein: 

5 said plurality of dipole antenna elements includes a 

central element located substantially in the center of said 
first antenna aperture. 

38. The antenna, as claimed in Claim 36, wherein: 
said dipole antenna elements are implemented using 

10 microstrip transmission line. 

39. The antenna, as claimed in Claim 38, wherein: 
said dipole antenna elements include crossed dipole 

antennas. 

40. The antenna, as claimed in Claim 36, wherein: 

X5 said second array of antenna elements further includes 

a plurality of helical antenna elements. 
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41. In a multifrequency antenna comprising a first 
antenna array for use in a first frequency range and a 
second antenna array for use in a second frequency range, 
wherein said first antenna array and said second antenna 
5 array include overlapping antenna apertures, a center unit 
for enhancing the beam shaping capabilities of said 
multifrequency antenna, comprising: 

a stacked patch antenna element capable of operation 
in said first frequency range, said stacked patch antenna 
10 element including an upper conductive plate and a lower 
conductive plate; and 

a second antenna element capable of operation in said 
second frequency range, said second antenna element mounted 
upon an upper surface of said upper conductive plate and 
15 using said upper conductive plate as a ground plane. 

42* The antenna, as claimed in Claim 41, wherein: 

said second antenna element includes a plurality of 
antenna elements arranged upon said upper conductive plate. 

43. The antenna, as claimed in Claim 41, wherein: 

20 said second antenna element comprises a dipole antenna 

element. 

44. The antenna, as claimed in Claim 43, wherein: 
said dipole antenna element is implemented using 

microstrip transmission line. 
25 45. The antenna, as claimed in Claim 43, wherein: 

said dipole antenna element comprises a crossed dipole 
antenna element capable of transmitting and receiving 
circulatory polarized waves. 
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46. The antenna, as claimed in claim 41, wherein: 
said stacked patch antenna element and said second 

antenna element are substantially ccaxially aligned. 

47. The antenna, as claimed in claim 42, wherein: 

5 said plurality of antenna elements includes a group of 

elements arranged in a ring configuration upon said upper 
conductive plate, said ring configuration having a center 
located at substantially the center of said upper 
conductive plate. 

10 48. The antenna, as claimed in Claim 41, wherein: 

said first frequency range includes UHP. 

49. The antenna, as claimed in Claim 41, wherein: 
said second frequency range includes L-band. 

50. The antenna, as claimed in Claim 43, wherein: 
said dipole antenna element is at least partially air 

loaded to reduce the weight of said multifrequency antenna. 

51. The antenna, as claimed in Claim 43, wherein: 
said dipole antenna element is adapted for ready 

removal and replacement. 

52. The antenna, as claimed in Claim 45, wherein: 
said crossed dipole antenna element further comprises 

a feed structure having a balun capable of converting a 
single-ended feed signal into a balanced feed signal for 
use in exciting said crossed dipole. 

53. The antenna, as claimed in Claim 45, wherein: 
said crossed dipole antenna element further comprises 

a feed structure having a hybrid coupler capable of 
converting a feed signal into two signals having a 90- 



15 



20 



25 
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degree phase difference for use in exciting said crossed 
dipole. 

54. The antenna, as claimed in Claim 41, wherein: 
said upper conductive plate is mounted above and in 

5 fixed relation to said lower conductive plate, wherein said 
upper conductive plate and said lower conductive plate are 
separated by a dielectrically loaded spacing of 
substantially uniform thickness. 

55. The antenna, as claimed in Claim 54, wherein: 
10 said spacing is filled with air. 

56. The antenna, as claimed in Claim 41, wherein: 
said stacked patch antenna element includes more than 

two conductive plates. 

57. The antenna, as claimed in Claim 41, wherein: 

15 said stacked patch antenna element includes a feed 

structure for feeding a signal to one of the following: 
only said lower conductive plate, only said upper 
conductive plate, and both said lower conductive plate and 
said upper conductive plate. 

20 58. The antenna, as claimed in Claim 42, wherein: 

said plurality of elements are fed from below through 
an opening in said stacked patch antenna element, said 
opening extending through both said upper conductive plate 
and said lower conductive plate. ' 

25 59. The antenna, as claimed in Claim 58, wherein: 

said opening is substantially centered in said upper 
conductive plate and said lower conductive plate. 
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60. The antenna, as claimed in claim 42, wherein: 
said center unit further comprises signal 

divider/combiner means disposed upon said upper surface of 
said upper conductive plate for use in feeding at least a 
5 portion of said elements in said plurality of elements. 

61. The antenna, as claimed in Claim 60. wherein: 
said signal divider/combiner means is implemented 

using microstrip transmission line, wherein said upper 
conductive plate acts as a ground plane for said microstrip 
10 transmission line. 
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62. A method for achieving a desired antenna pattern 
in a multiband antenna system, comprising: 

providing a first plurality of antenna elements, said 
first plurality having a first central element and a first 
5 ring array disposed about said first central element, 
wherein said elements of said first plurality are operative 
in a first frequency band; 

providing a second plurality of antenna elements, said 
second plurality having a second central element and a 
10 second ring array disposed about said second central 
element, wherein said elements of said second plurality are 
operative in a second frequency band and said second 
central element is substantially coaxially aligned with 
said first central element; 
15 performing one or more of the following steps and 

monitoring a resultant antenna pattern produced by said 
first plurality of antenna elements: 

changing the type of antenna element used in said 
first ring array; 
20 changing the number of elements in said first 

ring array; 

changing the distance between the elements of 
said first ring array and said first central element; 

changing the excitation ratio between the 
25 elements of said first ring array and said first 

central element; and 
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changing the excitation phase difference between 
the elements of said first ring array and said central 
element; 

comparing said resultant antenna pattern to said 
5 desired antenna pattern; and 

repeating said steps of performing and comparing until 
said desired antenna pattern is substantially achieved. 

63. The method, as claimed in Claim 62, wherein: 
said step of changing the excitation phase difference 

10 includes varying the electrical length of a transmission- 
line. 

64. The method, as claimed in Claim 62, wherein: 
said first central element and said elements of said 

first ring array are circularly polarized elements; and 
15 said step of changing the excitation phase difference 

includes changing the rotational orientation of at least 
one of the following: said first central element and said 
elements of said first ring array. 
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65. In an antenna array having a circularly polarized 
central antenna element and a concentric ring array of 
circularly polarized antenna elements disposed about said 
central element, wherein said central element and said 
5 elements in said ring array are operative in a 
predetermined frequency band and are fed from a common 
beamforming network, a method for achieving a predetermined 
phase relationship between said central element and said 
elements in said ring array at two separate frequencies in 
10 said predetermined frequency band, said method comprising 
the steps of: 

determining a phase versus frequency slope required to 

achieve said predetermined phase relationship at said two 

separate frequencies; 
15 adjusting the length of a transmission line in said 

beamforming network until said phase versus frequency slope 

is achieved; and 

adjusting the rotational orientation of one of the 

following until said predetermined phase relationship is 
20 achieved: said central element and said elements of said 

ring array. 



Printed from Mimosa 01/27/2000 11:11:53 page -39- 



wo 97/35360 



PCTAJS97/04532 




SUBSTITUTE SHEET (RULE 26) 

Printed from Mimosa 01/27/2000 11:11:53 page -40- 



wo 97/35360 



PCT/US97/04532 




SUBSTITUTE SHEET (RULE 26) 

Printed from Mimosa 01/27/2000 11:11:53 page -41- 



wo 97/35360 



PCT/US97/04S32 




SUBSTITUTE SHEET (RULE 26) 

Printed from Mimosa 01/27/2000 11:11:53 page -42- 





SUBSTITUTE SHEET (RULE 26) 

Printed from Mimosa 01/27/2000 11:11:53 page -43- 



wo 97/35360 



PCT/US97/d4532 




SUBSTITUTE SHEET (RULE 26) 



Printed from Mimosa 01/27/2000 11:11:53 page -44- 




SUBSTITUTE SHEET (RULE 26) 

Printed, from Mimosa 01/27/2000 11:11:53 page -45- 



wo 97/35360 



7/8 



PCT/US97/04S32 




SUBSTITUTE SHEET (RULE 26) 



Printed from Mimosa 01/27/2000 11:11:53 page -46- 



wo 97/35360 



PCT/US97/04532 



8/8 




SUBSTITUTE SHEET (RULE 26) 

Printed from Mimosa 01/27/2000 11:11:53 page -47- 



INTERNATIONAL SEARCH REPORT 



lii««nuiionil appbcalion No. 
KTAJS97/CM532 



A. CLASSinCATlON OF SUBJECT MATTER 

1PC(6) :H01Q 21/20 
US CL :343/725 

Accor ding to tntcmaiionai Patetil Clmitolion (IPC) or to both mtioml cUiitfication md IPC 

B- HELPS SEARCHED 

Minimum documcnution •earehcd (cUMifictUoii iyiicm followed by cUatificalion lymboU) 
U.S. : 343/700MS. 723. 727. 797, 799. 844, 853, 893. 895: HOIQ 21/20, 21/22, 21/26. 21/28 



Documentaiion seaiched other than minimum documentAiion to the extent thit luch documcnu «re included in the fieldi tearched 



Electronic daU bue consulted during the international search (name of dau base and. where prmctieable, search terma used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Categoiy* 


Ciution of document, with indication, where appropriate, of the relevant passages 


Relevant lo cliim No. 


X 
Y 

Y 


US 3.747,11 1 A (FLETCHER et at) 17 July 1973 (17W73), 
column 3, lines 33-47. Figures 1-3. 

US 5,220,334 A (RAGUENET et ai) 15 June 1993 
(15.06.93). Figures 3 and 4. 


1,5.15,22.24- 
27.29-33.36-39 

2-4,6- 
14,16,23.28.3 
4,35,40- 
52,54,55,57- 
59,62-65 

2-4,6- 
14.16,23,28.3 
4.35,40-52,54, 
55,57-59.62-65 


Q Fuit* 


ler documcnu are listed in the continuation of Box C. See patent amily tnoex. 


"^^^^ 4i^i^ac»«iCoaflk<wiih*«HplirBtiiwfci«ciM<loi 1 iwiii** 
to b« pvMikr ivlmaac 

*X* d«aBMM 9i f— i»««*T fl«levMW»: the ckaaad mvmnem cmM 


Date of the actual completion of the international search 

03 JUNE 1997 


Date of mailing of the iniemational search report 

2 4 Jill 19SJ' 


Name and mailing address of the V&AJ\}S 
CommiuioMr of Patcnu and Tndtmacks 

Box per 

Wariiioftoa. O.C. 20231 
Fscsimile No. (703) 305-3230 


Authofized odicer 

j ^MICHAEL WIMER '! ■' ! 4^ 
Teleiihone No. (703)308-0956 



Fbnn PCT/ISA/2I0 (second sheetRJuly 1992)* 1 



Printed from Mimosa 01/27/2000 11:11:53 page -48- 



INTCRNATIONAL SEARCH REPORT 



Imcnuuoiul application No. 
PCTAJS97/04S3Z 



C (Conimu.uon). DOCUMENTS CONSIDERED TO BE RELEVANT 



Ctlegory* 



Ciuiion of documenu wiih indication, where appiopriaie. of the wievam paiiagci 



Relevant to cUim No. 



US 4,962,383 A (TRESSELT) 09 October 1990 (09.10.90). 1 17-21,53 
Figures 1 and 3. 

US 4,329.689 A (Yec) 11 May 1982 (11.05.82) Figures 1,2 and 1 56 
4. 

US 4.605,932 A (BUTSC HER ct al) 12 August 1986 (12.08.86) | 60,61 
igures I and 2. 



Fonn 



pCTflSA^lO (continuation of lecond iheetXiuly 1992)* 



Printed from Mimosa 01/27/2000 11:11:53 page -49- 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images wi*in this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR STOES 
eTfADED TEXT OR DRAWING 

g BLURRED OR ILLEGIBLE TEXT OR DRAWING 

IZi SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S)OREXHIBIT(S)SUBMITTEDAREPOOR QUALITY 

□ OTHER: , 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct th^ .mage 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



